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ihle 

amorphous copolymers of 

TETRAFLUORCCWVLENE AND HEXAFIAJOROPROPYLENE 

Tte invention is in .he field of fluoropolyn,.*, part.olarly 
copolymer of .e,rafl U oroe,hy.ene,«rdhe^^^^^^^^^ 

BACK GBOimP O F THF invention 

otKm *JLyJ< e„..ee,ively TEE polymers 

tidely used because of Mr unusual combmaaon of chem.cnl 
« s is.anca. surface char.crris.ios. di.lec.nc prcpert.es. - 

piasric or e.as.omeric. Amorphous d*olym.rs ofTF P 

aM loss L 0-C. Mora 

^SnCCrs. having T s a, abou, roon, ,empe.a,ure or 

™ HEP indexo. HPP.. in -ha range » ' 

muKpHe, of 4.5 ,o convert HFPI HEP 

sr ™ - « -s. * *» * rro f ^r.n:r ,n 

, he fie>d have refined .heir » HEP 

generally use multipliers in dsa range of 3.0-3.2 



35 



contenlinvrt/.. discloses partially 

Megan in U S. Pa,en. 5^6.63 d«ta. P 

crys.al.inc TFE/HFP eopolymera M^ffl of M o ^ 
a sami.ba.oh dispersion polymananuon prtK^ Morg 
high concan«a,ion of su.fac.an. can -P^™ 0 
resin and thai su.fac.an. conccnuouon should be less man 
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Dref erab.v less than 0.2 wt%. based on the a.ueous medium. Surface 
Preferably less w£re .„ the prcfcrr ed range, 

concentrauons exempl.f ^ § commuous 

• less for TFEpoIvmers including copolymers 
po.ymenzat.on p oc«s for TF P For tfe/hFP 

5 containingu P to20mol/.oU ^ convert HFP1 to HFP content 
copolymers, a mulupher of 2.1 was «se ^ ^ ^ of 

in m o,/o. so that ^^Z^ HFP content of 5.4 mo,/. 
9.5. l"* ecX8mplCS ^ The continuous 

(HFPI C"u S fS^ suffers from some disavantages. 

10 process of Khan ft« be ««l l« 

including a very high surfactant ^ 
appr0 ach stable reactor ^ passing through the I* 

copolymer »as of *e «* 0 ^ dipo , vme(s tovi „ g HFP 
Khan d scloses that \t tmrr u>k . 
« h hv HFP1 = 9 5 are partially crystalline, though HFP 
content reflected by HFP1 W P ^ such 

20 corporation did no. and did nol achieve higher 
polymers having Hrri - v arc «... 

,evels of HFP incorporation amorphous 

Eleuteno in U.S. Patent 5» ^ „ ^ 

25 exempHHed. Eleuteno crvswUinity . This level of 

copolymer having HFF1 ■ ? ^ correspond s to 

— ity is "^J*?^ rrom examples to folio., 
HFP content o! about 25 mo. /» ^ Eleu terio's method 

especia , ly ~ -* » _ presen, a, *e S ,an of 
30 of symte*. wnh all of IW « ^ uce ve „ „„„. 

, hc potion re ac„o„. »0" »^ ^ ^ WE , 

oniforo. copo^rs bK ^„. enaWishd commerci.. pracrice . -k. 
Althougnuis c „fTFEhomopolvmersand 
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medium is known. A f.«.K drying process, involving sublimarion of*. 
ZZ£Z teen .oagular. or dispel, fo, fibrillar*,, non-m. , 
ZtaN. TTE poiymer usually supplied as an . 8 gtome»« «M-P-- 
«L» (often calied fin. po»d«) is disclosod by Con. » U.S. P..O.. 
5 ?9 9 Fumy. *Mo,oo in U.S. P«.n. 5.81M31 «,sclo S . a p,oc KS 
5 fo,^.dUio»of^n MK nalsforr« ; o.ionl.y.rao,.g B 

nermeable electrode comprising mixing carbon blacK, 

Im -d ■ fr.«,ng .His mi».ur. and 

Tbe invenrion provides a uniform amorphous .opolymer 
comprising copolymcrized unirs „r,errafiuo^.byl™e and 
hexloropropylen, having HFP conrcnr of up ro 29 mo U - 
.^imenr of the inv.nrion. HFP conrenr rs from 20 to 29 mol A. in 

ZZ«'° £«-!*«• said .opolymor having glass rmnsmon 

M — t.— rp^ *p— 

amorphous copolymors. and a procass for W-£"£~£T 

rpolyl sob* of*, rbawed frozan dispersion „ cany.ed our 
siro u, M er»lv ^ p[ov . des a cMKd ^ comprisi 

subarrnre .oared whh a roaring, «h.r.in .be .oaring comprises amorous 
35 of ,«mfluoroe,by..ne and bexafiuoropropyi.n. bavmg HFP 

content of up to 29 mol%. 
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, n another embodiment of the invent.on. the uniform 

In anotner ^ compnsing 

nexafluoropropylene) in an aqueous medmm J fluoroolefms< 

,0 .o make panially crysutae «'< fata ^ f ^ embodime „, the 
an0 U,e, embodimen, of <= — » * ^ mice „ t 

^.^.IC* - contain eepea, 
concentration. T> picany. in f com0 nomer present 

der ived from tetrailuoroethyie • mc U-fabricability 
15 during the copolymer,^ will * ^ (hc crysiallinily 

29 mom of on« oenved iron, HFP and are ^ deleclc<1 in , 

mea „, M ,hc he., of (..ion W» £ « s rf „ si „ „ 

no more than about 3 J/g, prei an(J 

er .d M neems. if «ft ^se ev^ sottuo ,ar g e — 
calaula ,ed hea, o ta»n Uh«c « ds£; ^ ^ , ( § ^ 

Generally, no endolherm is seen in 
30 endothenn is -polymers of this invention can 

a - TZm one or more additional fluoromonomers 
contain units derived from one o m ^ ^ 

selected from fluorolefms having 4 8 c 
nuorovinylethcrs. Fluoroolefins 
35 compounds such as pe.nuorobu.yl elhers) naving lhe 

Flu0 rovinylethers include ^oup o ertl o ^ 
formula CF : = CFO(R'/0) K R/. "herein k is 0 :>. R/ 



PCT/US96AH4M 

WO 96/24625 

branched pccfluocoalkylene of 2 .0 6 carbon a.oms. and R/ is 
pcrfluoroalM of . .0 6 carbon aroms. exampies of »h,ch 
oerftoorolalkvl vinvl ether) (PAVE) correspondrng .0 re - 0 Preferred 
PAVE nclode P e,Ouo,o«m..hy. vinyl erher). perflrrorofethy, vrnyl erher, 

such fluon,vinylethers include CF 2 =CFlOCF 2 CF(CF 3) yO- 

,0 CF ) CH,OH as disclosed in U.S. Patent 4,982.009 and the a cohohc 
eMer CF^CnOCFiCF(CF3)] m -0-(CF2) n -(CH2)p-0-COR as d.sc.osed ,n 

US Patent 5 310.838. Additional fluorovinylethers include 
CF;=CFlOCF,CF(CF 3 )} m O(CF 2 ) n COOH and its carboxylic ester 
CF^CF(OCF;CF(CF 3 )] m O(CF 2 ) n COOR disclosed in U.S 
l5 Pat'ent 4.138.426. In these formulae, m = 0-3. n - 1-4. p 1-2 and R ,s 
methvl or ethvl. Preferred such fluorovinylethers are 
rF ^CFOCF^CFCCFiPfCFobCHiOH and 
CF^F C F C F ' ) o ( CF : ) : COOH. These nuorovinvhrrhers arc 
pre b"d d,h« becaic of , heir avaUabiiiry or rhci, abi.iry ,o mcorporare 
* Cothryinrorhe^rco^^Addiuc^ fluoeovrnyierhen 
delude olkvl nuoiovinvl crhers such as disclosed rn U.S. Patcnr 

59 The addirional comonome, docs nor preven, rhe rncocponrrron 
of Z Z> .mourn of HFP inro rhc comonome, TypicaUy from O.Ho 10 
ot the nign amuuii nre c en t based on tota monomer 

mol% of additional comonomer may be present, basea 
,5 units in the resultant copolymer. The uses of amorphous TFE/HFP 
opoly m disclosed herein include the possibility of the copolymer 
onufl one or more additional comonomers such as described above^ 
containing , ^^p copolymer of th,s mvenuon 

,s in surprising characterized by substantial 

" m^^berrcrunimrmiry^ 

,h. drshiburion ofTFE and HFP in me copolymer. From .he narurc 
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deplele d as po^" = J! »t « rich i„ HFP 
S „ou.d expec. HFP unto in signify. 

oniu. and sequence of rwo . *»M» B. a 

c„„ce»u»..on could occur. As sho P by 

TFE /HFPco P olvmercoffla.n.ng:>7wiAHrruni.s . „ rppp di . ds 
™ s procedure did in fac. con.in high conccn.,a„ons of HFP d,.ds 

,0 and uiad, indicating a copolvro „ orih is 

In another embodiment a 1 l-tmr r w V ,„ m< . ri7e d 
mftpnWous as defined above also contains copolymenzed 
invention that ,s ™>**»^ " from fluoroo lef,ns containing 4-8 
units of at least one comonomer selected ' containine sufficient 

carb on atoms and fluoroviny.ethers. copolymer to be 

,< amit<; of HFP and said comonomer combined 
15 units of WT a" comono mer being in such 

amorphous, with HFP and add, ^ ^ rf ^ ^ 

TT 2 0 "c trXbW ^most preferably at .east 35»C. This 
about 20 C. P rcl ' rab ' a Qf 20 . 29 mo ,o/ 0 . but the presence of 

20 S^orrnrcs'HFP.oc.pccscn.a.icssU.an.Orno,, 

^rjrs- 

HFP and ourer comomer. con.cn. « .he pnmary q ^ 

„ .cans ,ha. rnos, of .he HFP ° ^ presen, as diads 

nuances polvm „ „«sen, as HFP diads and mads 

™ Z ,l^n " « descried below, is generally less .ban abou, 
combine* de.enn.ned as descr de , ecu bk. 

35 ,0%. preferably .ess rban f^*^^^, ha ving high HFP 
content. The amorphous 1 h tmrr iuj> . 
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the form of dispersion of small resin pricks in an aqueous medmm. 

i**. can be small. »* P«*~ 

^icnUv in ,he«n 8 e 0.01-0.15 p. usually 0.02-0.1 pm. Bcc.useol.he 

" ™t^S u-venUon may be made a, leas, by me 
m «, ho d known as aqueous dispersion (emulsion) polymerization, and 
ClCsL Polymerizarioo In me presence ofa solven, bu, wnh 

< M eial oarameter as will be explained hereinafter, 
specral I— ^ wp partial pressure ma. can be used ro make 

u .cTPF/HFPcoDolvmerofthis invention by the present 

(3 7 MPa). most preferably about 5M) psig (3.y rvira, « e 
, mlmer pressure. Higher, or «•* lower. ,ou 1^- *-» 
ma .v be used, in which case HFP parrial pressure should be adnrsred 
proponionarel^ ^ ^ ^ ^ ^ ^ disperejo „ 

panicle surface area .small panicle siac) in 
0 which is suppressed by .he high concenuauon of HF « U..v ° ™s 
desired high levels of HFP incorporarion .„ .he 
of mis invemion. surfacran. concemra.ion of a. leas. 

• tn achieve th s objective. Preierably, 
mi celle concentration ,s used to achieve ,h ^ ^ 

surfactant concentration is 2.0x. more preierao . 

avoided in prior r concentration as 

micelle concentration ,s defined as . Ae en 

determined at room temperature. He propen.es 01 

system under polymerization conditions are uncertain, but advantageous 

m results suggest that micelles may exist. 

30 resold sugg rf ^ ^ for example. 

s« Kirk-Ommer. Encvclopcdia of Chemical Technology, 3rd Ed Vol. 
" p es 344-346 (1983). As discussed mcrcm, .he cm.cal mrceU. 
tncemrarion is .he concenrranon a, which surface. « - 

^ of so.urion as a ft.nc.ion of surface concenuauon. For .h,s 
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work, the critical micelle concentration was taken as the port on a plot of 
surface tension vs. concentration in water at which the rate oi change of 
surface tension with increasing concentration became very ow. Surlace 
tension was determined using a Prolabo tensiometer. a W.lhemy plate 
machine. In this technique, a platinum blade is immersed in the hqutd. the 
liquid is withdrawn, and the force on the blade is measured w.th a tors.on 



wire. 



The required surfactant concentration relative to its critical 
micelle concentration restricts choice of surfactants. For example the 
Tommonly used ammomum perfluorooctanoate (C-8) has a crmca. mtcelle 
concentration of about 0.075 mo,/L. and multiples of thts value would be 
unreasonablv high. For practical reasons, the surfactant des.rab y ha 
critical micelle concentration of less than about 0.03 mo./L. preferably no 
more than about 0.01 mol/L. Suitable surfactants include ammomum 
5 periluorononanoate. which has a critical micelle concentrauon o about 
Zi mol/L. and the perlluoroalky. ethane sulfonic acids and sal. thereof 
disclosedinU.S.Patent4.380.618. Of these, the m.xture of C 6 -C, 6 
pinuoroalkv, ethane sulfonic acids sold as Zony.® TB nuorochemtca. 
surfactant (Du Pont Company), which also has a critical imcelle 
0 concentration of about 0.003 mol/L. is pretexted. 

Temperatures in the range of about 95M 15'C. preterably 
98«=-108°C are suitable for making the amorphous TFE/HFP copolymers 
of this invention bv the semibatch process used. Surfactants used ,n 
elusion po.vmerization appear to be less effective at temperatures above 
■ 5 103M08°C and there is a tendency to lose dispersion stabmty. 

Initiators commonly employed in emuls.on polymenzauon 
ofTFEcopolvmers are water-soluble free-radical initiators such as 

minium persulfate (APS), potassium persu.fate (KPS). or d.succ.n.c 
acid peroxide. APS and/or KPS is preferred. 

^0 After the reactor is charged with water, surfactant and 

monomers, heated to the chosen temperature, and agitation is started, a 
ro»l„ of initiator is added at a prescribed rate to inmate polymery a 
U is preferred that pressure is allowed to drop as P«y~n ™s. and 
that no more TFE is added for a prescribed time ,e a dweH p«d 

35 durine which the initiator solut.on is continuously added. Then. TFE 
addition is staned and controlled according to the scheme : chos n 
reeulate the polvmerization. An alternative procedure lor th.s dwell 
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• • , lower but constant TFE partial pressure during the 
period is to maintain a lower but con 

first part of the batch. for regulating the rate of 

™" T U *m m«. firsrro 
TFE/HFP copolymensmon. " ' S '°™™ „,„ TfE ,o Ihc desired tool 
5 precise .11 OTP — and th . nh . aior in . Kijon mi 

pressure. Additional TTE is men "°° TFE may be added 

Lotion Mckoftr. ma.nrain Ure n£cesMiy , 0 increase or 

a consul rare, win, agnaro, nr.inu.in consran, .oral 

decease actual polymcrtouon "»"»"" Miurar speed m ,v both 
,„ prcssutc. ^etnativet^ ,o, = ^ ^ ^ 

be held constant, with TFE addeo lvroe ri M tion in states 

assure. A dtird altentattve - ^in, TFE feed rate, 

m „„omcr so .bar the "FP/TFE 'attorn* - J * steady . !ia , e 
,„corpo,a,ion ofHFP. The polynte „ s lhrouiholJ , ,he 

conditions also requires a consran. »^« ca. is 

20 polynterizarion in order to o tarn a ^U'dirib** monomer 
consisrenr rhroo E hou. the batch, one wnh si „ ce , he 

oniK . F»*«»<°»"^«^ naintanancaofaconsran, 
TFE is much more reactive than HFf. care 

additional comonomer ,nt the «acto P ^ ^ 
comonomer and the amount to be incorp ^ 
3Q The batch (indudmg sem batch) P ^ 

i.e..usingasurfactant^^^^ 

concentration, to make the ^ h ^° P ^ are non . das tomeric. Such 
als0 be used to make other me ,t-fabncable. As 

other fiuoropolymers are P art.al y-crvs dim ^ ^ ^ 3 J/g 
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50 x ]0 3 Pas. preferably 0.5-10 x 10 3 Pa-s. Such fluoropolymers are 
copolymers of al least wo fluoromonomers. including those disclosed 
above. Of particular interest are copolymers of TFE with at least one 
other fluoromonomer selected from fluoroolefms containing 3-8 carbon 
5 atoms, fluorovinylethers. and functional fluorovinyl ethers. HFP is a 
preferred fluoroolefin. Preferred fluorovinylethers include PAVE. 
Perfluoro{ methyl vinyl ether), perfluoro( ethyl vinyl ether), and 
perfluoro(propyl vinyl ether) are preferred PAVE. For TFE copolymers, 
the amount of other fluoromonomer is usually sufficient to reduce the 

1 0 melting temperature of the compolymer significantly below the melting 
temperature of TFE homopolymer. but not enough to reduce the heat of 
fusion below 3 J/g. For making such fluoropolymers. the surfactant 
concentration can be at least l.2x. preferably at least 1.5x. the critical 
micelle concentration. Utilizing a surfactant concentration above the 

15 critical micelle concentration in the process of this invention leads to 
improved results, for example, enhanced incorporation ofless reactive 
comonomer or enhanced reaction rate at constant copolymer composition, 
or both. 

While concentrations of surfactant exceeding the critical 

20 micelle concentration produce desirable and unexpected results in 

polymerization, they raise concerns about isolation of the polymer from 
potentially very stable raw dispersion, i.e.. the product of polymerization 
in the polymerization liquor, and about high residual concentrations of 
surfactant on the isolated polymer. One aspect of this invention also 

25 addresses these problems. 

Traditional techniques known in the art (see U.S. Patent 
5.266.639. for example) for isolating polymer from the dispersion 
polymerization medium sometimes achieve incomplete recovery of 
polymer solids from the medium of this invention. This is probably due to 

30 a combination of stabilizing effect of the surfactant in its high 

concentration and the small particle size characteristic of the product 
produced by the process. However, it has been discovered that essentially 
complete recovery of polymer solids from raw dispersion can be achieved 
by an isolation procedure comprising freezing of the dispersion, 

35 subsequent thawing of the frozen dispersion, and then separation of the 
polymer solids from the thawed frozen dispersion. It has also been 
discovered that the time between thawing and the removal of the liquid 
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va ^fthe thawed frozen dispersion affects the 
from the polymer sohds of * d Hquid and the 

partitioning of the surfactant away by the liquid 

recovered solid, with the >™»«^™^ 6 -moval decreases, 
increasing as the time between „ rcmoval of lhe thaWC d 

5 That is, immediate removal of the mawed q ^ ^ 

liqmd sim uHaneously wUh ^X^L to re™, with the 
surfacta m .he removed^ ^ of me 

polvmer solids, ineirec** »:« .miicable to isolation of 

Lenrion. This asp., of , he <^T^ hkM medium 

torn processes producing polvmeB « h ^ 

amorous TTOJFP-J*— iMludi „ g homopolymeIS and 

valuable for non-fibnllatible li- tp . • ion proceS s. The 

copolymer, priced supplemented 

,5 freezcthaw isolatton method oflta m ^ „ As 
various procedures for — ,o thaw, remove 

will be shown by an example below n t ttawi of , he 

th£ urawed moid. ^ — - — 
frozen dispersion, removal «M . f ^ ^ fr0K „ 

" r^^rdiro^our.h.panofrhciso,^ 

— of ,w process of ,1s — 

25 advantages over pno, an process >■ high, flow of res.n 

fo „o„. apparen, "sed in polymerization can 

T^ZZZ flom me restn. Preferred mooes of caning 

be more eflectiveiy sc H enr f ac iant from resm. 

Ml the process enhance ■*"^££ 0Mi . -' e "" 0 "' 
30 '» M ^' n8 " SSL choice of oporaring derails, 

pracrica. rcla-ing ro hea, rransfcr. 

Perhaps mos. stgntftoan. aet ■» ^ M „ bulk . as ,„ 

While lhe freezing step of the process ^ ^ 

ir^--"^- 
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small. «... no more than about 3 mm. Thus, lor example, the body can be 
a relative* thin flat film or sheet, or car, have a relat.vely dun-walled 
cvlindricai shape. Bodies of frozen dispersion having at least one small 
dimension also have the advantage of permitting rapid thawing, for the 

5 same heat transfer reasons. Many process designs can provide the 

advantageous condition of a body of dispersion having at least one small 
dimension. For example, a thin layer of aqueous dispersion can be placed 
in a flat trav for freezing, or chilled paddles can be dipped into aqueous 
dispersion until a layer of frozen dispersion forms on the paddle suriaces. 

10 or a chilled roll can be partially immersed in a reservoir of aqueous 

dispersion with the roll axis parallel to the surface of the dispersion and 
rotated at such speed to pick up a layer of frozen dispers.on to be removed 
during the part of a revolution of the roll when the frozen dispers.on .. out 

of the reservoir, and the like. 
15 The amorphous TFE/HFP copolymers of this invention can 

be used in many ways. Being amorphous, the resins and fabricated 
articles thereof are transparent and substantia.lv free from haze, and can 
be particular* useful in applications for which optica. Canty ,s important. 
In powder or pellet form, the copolymer resins can be used in any Che 
processes such as extrusion, molding, or pressing by which thermoplastics 
are conventionally fabricated into finished articles, providing the 
properties of the copolymer are suitable for the intended use. Such 
articles include film, tubing, hose, wire insulation, loamed structures 
include wire insulation, coatings on wire for mechan.ca. uses, injection- 
molded items, blow-molded articles, bottles, containers protective linings, 
laminates and other composite structures, and the lite The unique 
nerma. charactenstics make the amorphous TFE/HFP copolymers of this 
nvention suitable for uses not accessible to pnor-an perfluorop.ast.es 
"cause properties were inappropriate or because requ.red processing 
temperatures were ,oo high. For example, a TFE/HFP copolymer of this 
invention can be used as a melt adhesive at low temperature. High 
processing temperatures of prior-art perfluorop.ast.es disqualified them 
Tuse in conjunction with many outer materials which could not to.erate 

exnosure to those temperatures. 

The amorphous TFE/HFP copolymers of this invention can 
be used in dispersion form. The as-polymerized (raw) dispersion may be 
used as discharged from the reactor if it has adequate stability and/or 
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blended into the TFE/HFP copolymer J ^ 
, form, or such blends can be co-coagulated as a , 

filled resins Small raw dispersion particle size (RDPS) typically 
^bmeTio stabilitv with respect to senling and may make the 

arable for certain uses, such as mprcgnation 

reformation of coherent films having small th.ckness. 
and the iormation o^^ ^ ? rf ^ ^ can 

• , h rt «h of which mav contain fused or unfused rings. Highl> 
aromatics.bothof%Nhicnmo. Both tV nes of compounds may be 

,0 . ZTfZ solve',, inc.ude. bo. « no. limned .0 P—eca!*, 

nsed" Preferred solvents .re perfluorodecahn and 
^"C^— copo^s of .Ms 
invenrion can be d accord^ . any of .he convenuonai for 

fcsed — ■ ^ soiuiioM rf ^ tow 

35 copo.yn.ers of ,his inven.ion can b. osed 

possibla ,o achieve and rasulss .ha. coold less 
available perfluoropolymers or could be aeh,e»ad only 
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wavs These results include any of the results for which polymer 
dispersions and solutions are used, such as coating, encapsulate, and 
impregnation. The TFE/HFP copolymer dispersions and solutions of the 
invention can be employed in any of the methods by which such systems 
5 are known to be used, including dipping, painting, and spraying. 

Normally, the dispersion or solution is deposited in place in the wet state, 
the deposit is dried, and the dried resin is fused or consolidated thermally. 

The TFE/HFP copolymer dispersions and solutions of this 
invention can be used to make coatings on a broad range of substrate 
10 materials, including metal, semiconductor, glass, ceramics, refractory 
materials, dielectric materials, carbon or graphite, and natural and 
svnthetic polvmers. The substrates can be in a broad range of physical 
forms, including film or paper, foil, sheet, slab, coupon, wafer, wtre. liber. 
filament, cylinder, sphere, and other geometrical shapes, as well as m a 
, 5 virtually unlimited number of irregular shapes. Coatings can be applied 
by methods known in the art. including dipping, spraying, and painting. 
For plane substrates of suitable dimensions, spin coating can be employed. 
Porous substrates, including those made from tluoropolymer such as 
polytetranuoroethylene. can also be coated or impregnated. These 
20 include, for example, screens, foams, microporous membranes, and woven 
and non-woven fabrics. In making such coatings, the water or solvent can 
be driven off bv heat leaving a dry TFE/HFP copolymer coating. 

Coatings of the amorphous TFE/HFP copolymers of th.s 
invention can be a sole coating on a substrate, or a component of a 
multilayer coating. For example, a TFE/HFP copolymer coat.ng of this 
invention can be used as a first or primer, intermediate, or final coating in 
a multilaver fluoropolymer coating system. The coatings of this invention 
include coatings resulting from several successive applications of 
dispersion or solution to increase coating thickness to des.red levels. 

Coatings of this invention can consist of the amorphous 
TFE/HFP copolymers of this invention alone, or of the TFE/HFP 
copolymers admixed with minor amounts of other materials either soluble 
in wa'ter or the solvent or dispersed in the coating dispersion or solution. 
A minor amount can be up to about 10 wi% based on the combined we.ght 
35 of TFE/HFP copolymer and additive. 

Specific coated articles are within the scope of this 
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Coated articles include polymer extrusion dies and molds tor 
rubber and plastic parts, such as o-rings. bottle caps, golf balls, golf ball 
covers, golf ball cover half shells, and the like. The TFE/HFP copolymers 
of this invention, both as-polymerized and after fluorine treatment, can be 
used in coatings. In the case of dies used for extrusion of polyolefins, it is 
preferred that coatings be made from as-polymerized resin because such 
coatines are more durable. Both interior and exterior surfaces of extrus.on 
dies may be coated to. respectively, facilitate extrusion and alleviate die 
buildup. 

Coated articles include gasoline engine carburetor parts: 
internal parts of internal combustion engines such as valves and piston 
skirts: razor blades: metal containers such as cans. pans, trays, vessels, and 
the like: metal sheets and foils: continuous metal belts: metal rods, tubes, 
bars, profiles, and the like: bolts, nuts, screws, and other fasteners. 

Coated articles include an article bearing a machine- 
readable marking on at least one surface, especially but not limited to a tag 
that can be attached to another object to provide information about 
inventory identification, contents, ownership, hazards, operating 
conditions, or maintenance requirements, for example. 

Coated articles include wire fonelectrical and mechanical 
service In either case, the metal wire may be solid or stranded. Wires for 
mechanical service include catheter guide wire and the actuating wire of 

push-pull cable. 

Coated articles include rubber o-rings. seals, beading. 

25 easketing. and the like. 

Coated articles include paper and textile materials, including 
woven fabric including glass fabric, non-woven fabric, felts, and the like, 
fibers including filaments, yams. e.g. staple and continuous filament, and 
strands. 

30 Coated articles include foams, membranes, and the like. 

Coated articles include optical fibers in which the substrate 

is a glass or plastic fiber. 

Coated articles include optical elements, wherein the coating 
functions as an anti-reflective coating to reduce or eliminate reflection. 
35 Such elements include viewing screens, windows, television screens or 
faces, computer monitor faces, and the like. 

15 
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Coated articles include semiconductors, semiconductor 
• m9 <m C tic storaee media including disks, photoconductors. 
devices, magnetic storage m ^ thc like, wherein the coating 

electronic devices, electronic assemblies, and tne 

may be very thin^ ^ the amorphous 

TFE/HFP copolymer of this invention can be used as a melt adhesive to 
^^stogethe, 

the composition are brougmtoge ^ These two articles 

. Let tain IOTC if the substrate can tolerate such 
remperautre of. t 00 ^ ^ ^ ^ blou?hl 

rogcher. Pre-heonnS ^ COD «ntrati<.n ot 

ifthe coating is appl.ed Irom a ho. sol ^ ^ 

cop o,v„ter in highly 0-na avo S ^ ^ rf 
ankles in conforming contact, pressure is PV 
, cornac, foe a rime bond* 
externa, foece »«-««» - » ,„ ^ lemperatur , 

^ iZh" FP copolymer* of this inven.ton con 

,0 n„oropolymcrs. fo. example, as ,s tioM ml0 sai „ 

m .l, comae, surfaces or tncorporateu ,n low aid 

is ,„ Ote range 25-50K £pm for ^ appllcauons , 

*T" 1" h"5e a melt index (ASTM D-lMi) of M or 

35 0* polyotann g ne* ^ ^ ^ ^ 

Tf,:: 1" c,,on mold.ng. even high-mc,index reains. lor 
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u • «n melt index of 20 or more, may suffer processing 

5 wherm R is * . kyu ^ e w ^ f<j , lowing; 

atoms. In pBUCUlar. IB" lowdensity type 

pdyethylene. both of ^ polvp[()py , e „e; polybulcn.-.: 

h avin g densities withtn she » ^ dmsi , y 

Fhrnropolymer commons were d«d by infrared 
sp.crosc.py on 0.025-0.05, mm £ 
15 TFE/HFP copolymers. F r"^ s , C^«80. O U In applying 

„ ™ (1 095-0 105 mm thick films pressed at 350 C. 
FTlRspectsoscopy on 0.095 0.10= umandwos 

PEVE was determined from - '%^™Z* me . ,„ 4.25 urn 

" "rc^ . 0,7, -be ra„o of the „, - ~c - 
4 " - abS °r 'viscoshics of rhe nooropoiymcrs we. £ermined by 

30 ;iC^r.nd"f 83*3 g or 2160 g were osed for samples 

^ ^Thermal — ^ 

J u ncr hv the method of ASTM D-4591-87. As is 
determmed by DSC by the ^ {aken ^ ^ peak tcmperalure 

conventional. d£Slgnea t0 yicld . value lor 

of the melting endotherm. former 
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etos tcansiuon .emperansr. <T S ). samplas wara coolad .« 0<C befo,* 

Weau „ g was , K ^ poiymer panide „ polymerittd u . ra „ 

• , r ( „np^ was measured by photon correlation 
dispersion particle size (RDPS). was measu. 

5 spectroscopy. tpf/HFP copolymer was measured by 

HFP distribution in TFE/HFP copoiymc 

»9 F NMR using a Bruker AC 250 NMR unit operating at 235 MHz. 
F ^ 7, , 5 o /o (wt/ vol) solutions in hexafluorobenzene were 

— or no, » inse^nfc, ^In JIf HPP 

, 5 u „,o prasan. . ~*»d at -177 and - 179.5 ppm 
reS r*cuvdy,oflhe areas outre , d . 1MJ ppm . 

,„lhe 101.I ofthemeasoflhesionlsM -177. 1 7*5 an w 
C Jecloo M for mads is less ft- 1% of HFP unns ,„ .he 
copolymar. Mwin8 unitK oihew . e smed . statri so , „ „ 

^M^trirallv i c bv weiehing dispersion, arying. d» T 

the gravimetric method. 

A cvlindrical. horizontally disposed, ^acketed^padd e - 

30 and a warer capKiry of 79 pans by wojM - 

deminaranzed ware, Tl» raaco, « » *5 C ^ ^ 

wirh TTE. and ft. avacuasad »ga,„. The vacuon^^ 

4 0 „rn. and she rcaco, — « ^ a ^dC,ow,y ,o ,be 
temperature had become steady at 103 C. Hi- r 
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a->* «cio n 0 MPa). Then TFE was added 
ne^ulfate (APS) and 0.7 wt% of potassium persulfate (KPS) 

polymenzauu » dd d me rcactor t0 maintain 

3£ S.UI running. When .he remperarure of the reacror 
5 ^ cbed 90°C. initiator puling and agitation were topped and he^ 
cor was vented. After venring . near.y atmosp er,c pressure 

demioeratod wa,e, and CXO ^*™ C r which tesulled fl0m .he 
coasted bv v, f orous somng Th we po^ ^ ^ 

cc.guta.ion was compressed ,o remove V£ ^ 

per hour, was 0.22. 

A polymerization was carried out simi.arily to Example 1 

. .rno n«rt< the surfactant was O.Oo 

3 5 except that the initial water charge w* 50^ p*ns e ^ 
pan of ammonium perfluorocaprylate (C-8) and was pr - 
water, the HFP addition was made to a pressure of 450 psig (3.- MPa) 
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•he aataor speed was .urned on a. 42 rpm after preeharging «Kt and 

freezing and mowing had apparan. densny of 600 g/L. was 
,0 and was no.ic.Wy lass dus,y .ban .ha s,mp e «^«» 

AdriMM aoa.ula.ion.. The po ymenz. .on .... was 0..0 
parotan-voluma/hour. lass .hao halfU.a. of Example 

A reae.0, similar .0 .ha, deaeribed in Example I bo. w,.h a 
_l» of 8 2 oarts bv weigh, was charged with 4.44 pans of 
' 5 T" Tl wa « ^« .eacor las hea.ed .0 65-C. ev.coa.ed and 

t- j,,,,,,. The solution was nnsed into the reactor v«Hn 
20 deminerahzed water. 1 he soiuuu 

another 0 088 part of deminerahzed water. The reactor was the 
another iu> p lemp erature was ra.sed to 95 C. 

agitation was begun at t,z rp.. rea ctor was 

PrCS T 0 C The Pressure was then 558 psig (3.9 MPa) after the 
25 ratsed to 103 C Th P«s reaciof wa$ ^ increased 

lemperature had become st«oy Qf a 

.«A->Sncie.4 4MPa)bvthe addition of TTt. menu." r 

to 625 psig t* ** > vir ■/ • . . . , 0/ A pc was pumped 

30 solution was pumped .0 ahe reac or. P ^ ^ ^ 

of Ore Hy-n-- No — TEE^ [tac _ or pressu[e drQppcd to 
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stopped and full cooling was applied to the reactor. When the temperature 
of the reactor contents had dropped to 90°C. the agitator was turned off 
and the reactor was vented. When the pressure had dropped to 1 -2 psig 
(0 1 1-0 12 MPa). evacuation and initiator addition were stopped and 
nitrogen was added to the reactor to give a slow pressure rise. When the 
pressure reached 5 psig (0.14 MPa), the vacuum port was opened for one 
minute while maintaining the nitrogen purge. The dispersion, which was 
water-clear and quite stable, was then discharged from the reactor and 
saved. Solids content was 29.9 wt% and RDPS was 0.071 urn. 

Approximately 800 g of the product dispersion was poured 
into a plastic bottle and then placed in a freezer at -20»C for three days. 
The bottle of dispersion was then thawed out in a bucket of warm water 
and the polvmer phase which had separated was collected on a filter. The 
filtrate was found to contain 0.56% solids which consisted of polymer, 
residual surfactant, and initiator salts. The polymer was washed three 
times with demoralized water and then a portion of that polymer was 
washed three times with isopropanol (IPA). Both samples were then dried 
in a 55°C vacuum oven under reduced pressure with a nitrogen purge for 
two davs. The melt viscosities of both samples were found to be 90 Pa s. 
and HFPI was 10.1 for the IPA-washed sample. DSC analysis showed a 
glass transition at about 45°C and a broad, weak endotherm at about 88°C. 
with a heat of fusion of 1 .0 J/g. NMR analysis indicated HFP content was 
23.3 mol% and that 2.0% of HFP units in the copolymer were in diads. 
No triads were detected. 
?5 F" m P lg3 

The polvmerization procedure described for Example 2 was 
followed with the following differences: I) The initial water charge was 
4 63 parts. 2) The surfactant employed was 0.02 1 part of Zonyl® TBS m 
0 ,66 part of demineralized water. 3) Also added with the surfactant was 
30 0 0033 part of chloroform as a chain-transfer-agent. 4) The pressure m the 
reactor after HFP addition and raising of the temperature to 103°C was 
552 psig (3.9 MPa). 5) The pressure after TFE addition and that 
maintained during polymerization was 600 psig (4.2 MPa). 6) , Agnation 
was at 90 rpm. 7) The first initiator addition was 0.066 part of a 2.5 wt A 
35 APS aqueous solution pumped at 0.01 1 part/min. 8) Subsequent in.t.a.or 
ddition was the same solution pumped at 0.0022 parvmin. And 9) the 
amount of TFE added after initial pressureup was 0.51 part. The reaction 
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time after resumption of TFE feed was 345 min. The product dispersion 
contained 14.4 wt% solids and was water clear. RDPS was 0.096 (am. 
The freeze/thaw isolation procedure described for Example 2 was 
employed with this dispersion. The TFE/HFP copolymer resin melt 
5 viscosity was less than 10 Pa s and the HFPI was 1 1 .2. DSC analysis 
showed a glass transition near 45°C, but no indication of a melting 
endotherm. NMR analysis indicated that HFP content was 27.2 mol% and 
that 2.4% of HFP units in the copolymer were in diads. No triads were 
detected. 

10 <^ ftn i P arfltivp Example B 

An 85 mL autoclave was loaded with 60 mL of 
perfluorodimethylcyclobutane and 0.25 g of cobalt trifluoride. The 
autoclave was sealed, chilled, and evacuated. HFP was used to sweep in 
4.25 e of TFE. Enough HFP (about 30 g) was added to bring the pressure 

15 of the autoclave to 93 MPa at 23°C. The autoclave was heated to 199°C 
and 296 MPa. and additional HFP was added to increase pressure by 6.9 
MPa to match Eleuterio's condition of 303 MPa (U.S. Patent 3.062.793). 
The autoclave was held at about 200°C for 4 hr and then cooled and 
vented. The resulting polymer solution was filtered to get rid of pink 

20 residues (presumably containing insoluble cobalt compounds), stripped to 
heavy oil on a rotary evaporator, and then blown down to 0.94 g of solid 
using a stream of nitrogen. This solid had an inherent viscosity of 0.207 
in perfluoro(2-butyl tetrahydrofuran) (Fluorinert® FC-75. 3M Company), 
closelv matching Eleuterio's Example II. NMR analysis showed that the 

25 TFE/HFP copolymer contained 57 wt% HFP, and that of total HFP units 
46% were present as isolated units, 27% in diads. and 27% in triads. 

F-iample 4 

The reactor described in Example 1 was charged with 49 
pans of demineralized water and 0.022 part of ammonium 

30 perfluorocaprylate (C-8) dissolved in 0.088 part demineralized water. The 
reactor was pressure tested at 380 psig (2.7 MPa) and 90°C while 
agitating at 46 rpm. It was then cooled to reduce the temperature of its 
contents below 30°C. The reactor was then evaucated and purged three 
times with TFE monomer, leaving a reduced pressure on the reactor after- 

35 the final evacuation. A valve was then opened to slowly release ethane 
into the reactor until the pressure was raised by 20 inches of mercury 
(0.067 MPa). The valve was then closed and the reactor temperature was 
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reached 90'C. the reactor was pressed wrth ^ 
psig. A freshly prepared aqueous soluuon * ^ ^ 
and 1 .25 wt% methanol was *- by a 10 psig (0.07 
5 pan/minute. After P^™"^ ^ ^ &[ 

P MPa) drop in reactor pressure. addmor* TT* was ^ 
a ra te so as to maintain the f^*£g* parls of a 2 .7 «% solution 
hadb ee„ added to J*. ^ 

of C-8 in demmerahzed wat« _wa » P ^ ^ rf an aQue0US 

10 part/minute. After 15 parts ot ^ peQ imo 

solution of APS (0.09 wt%) and q{ JTE had been 

thc .actor at a rate J thc reacti on continued 

added to the reactor, the TJb le mMPi)i The reactor was 

until the reactor pressure dropped to 19 Oj^ i ^ 
, 5 then vented and the P^~™ wnich bad a melt viscosity 
contained about 34 wt% PTFE « normalrv US ed for TTE 

of 2.6 x 103 Pa . s as determined by the proce 

copolymers. disnersion was diluted with 

0 „c P-«*^3i -a ,10 «.% 

polymerization. disnersion were frozen. Two 

Separa* P^^^ examp les. and the thawed 
portions were thawed as **n£ £ after thawing . FiU rate 

frozen dispersions were filtered at W ^ ^ 

collected at 89 hr after thawmg conta.ned 23 PP ^ a ^ 
collected at 17 hr after thawmg con 3 5 PP ^ ^ ^ 
30 ponionoffrozendispersionwas 3 took pla ce. This 

thaW ed frozen dispersion was ^*c^ ^ ^ the resuU 

nitrate contained 477 ppm ot • freeze/thaw isolation 

from chemical ^ poly™, and that the 

technique removes more of the surta as ^ |me 

amount of the surfactant carr.ed J 
between thawing and liquid removal decreases. 
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Another portion of the dispersion was frozen, and the frozen 
dispersion was broken up into fine panicles which were mixed well. 
T nf .he finclv divided frozen dispersion were placed on two 
ZZZT^l depth of*- 0.625 inch 0.6 cm). 

! r ( 40M5-C) dried for three days a. 55-C in a vacuum oven, and 
T yzed for C 8 residue. W residue was 7 S 2 ppn. based on me weiph, 
10 Sm-h. The second ponion was rhewed « £££ 

SSTiU henem of simuluncous rhawing. w M h,„ g and 
removal of liquid from thawed frozen dispersion. 

rumple 8 

An aqueous dispersion of an amorphous TFEMT" 
„,odueed bv a merhod similar io thai described in 

a J » hat W. - - * M <*°'° m UStd ' HFP ' ^ 
Example 3. excep. tat h ^ 

i rfc had RDPS of 0.03 vim, and surface tens.on of 69.2 dyne/cm 
rSt^X meld us,n 8 a du Nouy T— in. raw 

» 24 , dyne*m hy ,ddm 8 ,0 , - ^Xt^S^. 

^^r^ 1, s^--r■ ,,, - - • , 

30 raw dispersion, as shown in the following table: 



Raw dispersion (g) 
Water (g) 
Zonyl® FSN (g) 
Solids content (wt%) 



5 10 20 

95 90 80 

0.5 1 2 

0.75 1-5 3 
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Example 6 

TO. axample B— *• f » m f0n ": S :^p 
adh^on ,o SUSS ^ «* » ™ 

^rrr - £££ ■'coupons' ~ — ' " 

5 6 were used to com glass aoo jn ^ 

ultra sonic be*. dned . 150 C for ^ ^ ^ ^ ^ 

dipped into .he dtsperctons. Excess p ^ ^ ^ 

coupon, were dned „«™. M-£C£ ^ ^ ^ 
10 aluminum. — sm00Ih m d dear. Coating adhesion ro 

examined. No removal of copolymer „„„ for , „, 

me coupons with scored coarmgs wen . pta .nbo ^ 

room remperarure. Adhesive ^rap fcotJ<> , vmet film from rhe 
* coarings and then remove^ Nommo vaU ^ ^ ^ ^ 

SS^ir— dreac^orhoUlngware, 

ThUex»ple».ua m ..sme.dh^*s f 

size 1 x 3 « 0 075 inch (25 x 76 x 1.9 mm) P r hvdrocartK , n 
DOlvmelhylmelhacrylate-polycarbonare-nyion , . 

hvdrogen- 

Ucrvuicas.iaa.e.polychloroprcnen.bnar wlc-, ^ ^ ^ 

chaining nuoroelasromer " poiyernylene 

,„ (25 , 76 x 0,5 mm) wee cu, - wirh acerone in 

, ere p„rha,are. and V*«*£Z£ M ,„ room remperarure. and 
a„ ultrasonic bad, M - ^ 0 C f " 4 „ Exampk 6. Excess 
^rwS^^d^s^weredriedovemigh.^O.C. 

ASTM D-3359. Each coaling was scored (scratcnea. 
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Adhesive upe « pressed gainst the scored codings. The t^was 
removed and ihe coatings «ere examined. No removal ofTFE/HFP 

J,c piaced in boiling warer for 1 to. men were ^ e '' 
5 dried a, 70'C for 1 to. and cooled ,0 room rcmperanrre. Adbesrve rape 
wL again pressed against Ihe scored coatings and then removed. No 
Xal of Hym« film ftom me snips occurred. Thus, the coanngs were 
"1 J adnered to the poly- strips and resisted the aeon of hodrng 
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water. 

Examplt 8 
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This example illustrates utility of the amorphous TFE/HFP 
copolvmer of this invention as a processing aid. The inside : -rite oi a 
0 015 x 0.375 inch (0.4 * 9.5 mm, inside diameter x length) tungsten 

carbide capillar, die having a "~£^£rC * 2 
dispersion C prepared in Example 6. The coating was 
71 linear low density polyethylene resin having melt index of g/10 
Jin (GRSN 7047, Union Carbide) and containing 2.5 wt% oi co Ho.dal 
Te rn act I an abrasive was extruded through the coated cap.llary d.e. 
an high a control capillary die that had not been coated, usmg an 
nst otcapillarv Rheometer at a temperature of 220'C an at a shear rate 
of 833 sec ' When the polvethy.ene was extruded through the control 
of 833 sec . wnen v . l05 Pa and thc surla ce of the 

- .he copo ly mer coarmg was >^°™ ' ^ of , h£ exmld „ c a?a ,„ 
reached a .eve! geea ^ 

extrusion widrou, mei. fraenrre a, reduced shear suess. 

Fiamplt > 

T^reacror of Example 1 was charged with 4J.0 pans of 
demineralized warer. The reactor was heated ,o «-C evacuated, purged 
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with TFE. and then evacuated again. The vacuum in the reactor was then 
used to draw in 0.079 part of chloroform and a solution of 0.22 part of 
perfluorohexyl ethane sulfonic acid surfactant in water (1.7 parts). The 
solution was rinsed into the reactor with another 0.88 part of water. Thus, 
the surfactant concentration was approximately 0.010 mol/L. i.e., above 
the critical micelle concentration (about 0.003 mol/L). The reactor was 
then sealed, agitation was begun at 42 rpm, and the reactor temperature 
was raised to 103°C. After the temperature had become steady at 103 6 C. 
HFP was added slowly to the reactor until the pressure was 350 psig 
(2 5 MPa) The pressure in the reactor was then increased to 600 psig 
(4.2 MPa) by the addition of TFE. and then 0.43 part of perfluoro( ethyl 
vinyl ether) (PEVE) was pumped into the reactor at a rate of 
0 165 part/min. Then 1.10 parts of a freshly prepared aqueous initiator 
solution containing 0.4 wt% of APS were pumped into the reactor at 
15 0 11 part/min. Thereafter, the same initiator solution was pumped into the 
reactor at 0.0066 part/min for the remainder of the polymerization. After 
polymerization had begun as indicated by a 10 psig (0.07 MPa) drop in 
reactor pressure, additional TFE was added to the reactor to maintain 
pressure constant at 600 psig. The agitator speed was used to control TFE 
20 mass transfer into the aqueous phase so that the TFE addition rate was 
about 0.1 part/min. The average agitator speed required to maintain the 
target TFE transfer rate was 33.6 rpm. When a total of 1 8.0 pans of TFE 
had been added to the reactor after kickoff ( 1 80 min). the TFE feed was 
stopped. When the reactor contents had cooled to 90*C. initiator pumping 
05 and agitation were stopped and the reactor was vented. After venting to 
nearly atmospheric pressure, the reactor was purged with nitrogen to 
remove residual monomer. The dispersion was then discharged from the 
reactor and saved. Solids content was 31.5 wt% and RDPS was 0.094 urn. 
A portion of the dispersion was poured into a plastic bonle which was 
30 then placed in a freezer at -20»C overnight. The bonle of dispersion was 
then thawed out in a bucket of warm water and the polymer phase which 
separated was collected on a filter. The filtrate liquid was found to 
contain only 0.09% solids. The polymer was washed on the filte, "three 
times wim a volume of demoralized water equivalent to 75 /o of the 
35 original dispersion portion volume and then was washed three times with 
similar amounts of isopropy. alcohol. Much of each wash hqu.d was 
removed by application of a vacuum to the bonom of the filter. The 
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pumping rate was 0.018 part/min after the first 12 min of pumping at 
0.055 part/min. Thus, the surfactant concentration was approximately 
0.0026 mol/L. i.e., slightly below the critical micelle concentration. The 
reaction time after kickoffwas 1 1 1 min. The resultant dispersion 
5 contained 30.7 wt% solids and had RDPS of 0.142 urn. The dried TFE 
copolymer resin had an MV of 1.6 x 10 4 Pas, an HFPI of 3.54, and a T m 
of 257°C with heat of fusion of 24.9 J/g. 

rumple 11 

The reactor used in Example 2 was charged with 4.85 part. of 

10 demineralized water. 0.012 parts of Surflon® Sill (0.005 1 mol/L), and 
0.0066 part of concentrated ammonium hydroxide. After pressure-testing 
the reactor at 80°C with 300 psig (2.2 MPa) nitrogen, the reactor was 
cooled to 30°C and it was then alternately evacuated and purged with 
TFE three times. The reactor was then left under a vacuum. Ethane was 

1 5 then fed to the reactor until the pressure rose by 10 Pa. The reactor was 
then sealed, agitation was begun at 1 10 rpm. and the reactor temperature 
was raised to 80°C. The reactor was pressured to 300 psig with TFE and 
then 0.074 part of PPVE) was pumped into the reactor. Five minutes after 
completion of PPVE addition. 0.66 part of an aqueous solution of 

20 0.25 wt% percent APS was pumped into the reactor at 0.066 part/min. 
Thereafter, an aqueous solution of 0.10 wt% APS was pumped to the 
reactor at 0.0022 part/min for the remainder of the polymerization. After 
polymerization had begun. PPVE was added to the reactor at a rate of 
0.00047 part/min for the remainder of the polymerization. The reactor 

25 pressure was maintained at 300 psig by the addition of TFE and the 
agitator speed was varied to control the reaction rate so that the TFE 
addition rate was 0.014 part/min. After 1.96 parts of TFE had been added 
after the initial pressureup, the TFE, PPVE. and initiator feeds were 
stopped and full cooling was applied to the reactor. The agitator was 

30 turned off and the reactor was vented. When the pressure had dropped to 
1-2 psig (0.1 1-0.12 MPa), nitrogen was added to the reactor to give a 
slow pressure rise. When the pressure reached 5 psig (0.14 MPa), the 
vacuum was applied for one minute while maintaining the nitrogen purge. 
The dispersion was then discharged from the reactor and saved. Solids 

35 content was 26.6 wt% and RDPS was 0.1 14 M m. The average agitator 
speed during polymerization was 99.2 rpm. A portion of the dispersion 
was subjected essentially to the freeze-thaw isolation procedure of 
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c nle 9 except that the alcohol wash was omitted. The filtrate liquid 

resito l surfaoan, and . *. P ^ „ f 

c „polym« ream had an MV of .4 . ^ 5how 

/. ■ f>i< o i/o and contained 4.03 wt/o rrvi^. 

concentration above the critical m incor p 0ra tion. 
crystalline non-elastomenc polymer having n.gner 
See Comparative Example E. 

fnmpa rativeF * amplc *' 
1 The procedure of Example 1 1 was essentially repeated 

cxcep t that the amount of SurHon® S1U w^on^y 0.049 P- 
c 0rrcsp ondin g J-^^X^— 26 8 - % "** 
15 of ?;!Xl'T m on09«Cwithheatof f us 1 on O f40, 3 / g .and 
contained 3.47 wt%PPVE- 
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CLA1M f : A uniform amorphous copolymer comprising copo.ymerized 
units of tetrafluoroe.hylene and hexafluoropropylene contaimng up to 29 
5 mol% of hexafluoropropylene. 

<> The amorphous copolymer of Claim I, wherem less than 10/o 
of said hexafluoropropylene units are present in diads and tnads 
combined. ^ rf ^ ^ sai(J copolymer having 

10 glass transition temperature of at least about 20»C . • 

4. The amorphous copolymer of Claim 1. wherem HFP content ,s 

in a ranee of from 20 to 29 mol%. 

5 The amorphous copolymer of Claim 4. further contammg 
copolvmerized units of at least one comonomer selected from fluoroo.efln 

15 containing 4-8 carbon atoms and fluorovinylether. 

6 The amorphous copolymer of Claim 3. wherein satd copolymer 
contains copolvmerized units of at .cast one comonomer selected from 
fluoroo.efJ Containing 4-8 carbon atoms and fluorovinylether. sat 
copolvmer containing sufflcien, units of hexafluoropropylene and sa.d 

20 comonomer to cause said copolymer to be amorphous. 

7. The amorphous copolymer of Claim 3. wherem sa.d gla^s 
transition temperature is at least about 25°C. 

8. The amorphous copolymer of Claim 8, wherem sa.d glass 
transition temperature is at least about 3 5°C. 

25 9. The amorphous copolymer of Claim 5 or 6. wherem sa.d 

comonomer is fluorovinylether. 

10 The amorphous copolymer of Claim 10. wherem s«d 
fluorovinvlether is selected from perfluoro(me,hyl vinyl ether), 
perfluoroiethvl vinyl ether), and perfluoro(propyl vmyl ether). 

30 n An aqueous dispersion of the amorphous copolymer of C»a,m 

U 4 OT a A solution of the amorphous copolymer of Claim 1 in a highly 

35 aoueous dispersion produced by dispersion polymerization, compnsmg 
ZZZ dispersion to form frozen dispersion, then thawmg sa.d 
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tr0K n dispersion .0 fom, frozen dkp^ta. - *- «•—»• 

,ro *: .. „f. a ,d thawed frozen dispersion. 

saM pjlTSi in,— «. -a frozen dis^ion _ - 

5 *^,T£S££ci- .3. wherein said ,Md i™d 
, ^cirfthawtne and with washing of said resin. 

-ts: ^oS.3, — . - -7 ^ 

tiJLll in Mid dispersion lo form a layer of sad frozen 

,5 hexa nuoroprop ylene^ ^ ^ ^ ^ iM subslraK „ mml 
^TZ^T^U of Cain, ,7. Unsaid article isanro,d 

20 * "To' ^aTnicia of C,a, m ,7. w h erein - -* * - 

optical element. . , e is a 

21 The coated article of Claim 17, wherein m 

^„rtnr device or semiconductor assembly . 

„ uo J— an aooLs med^ — - — » 

„ .,o- disp^on »- u ^r r» r— mtr! - M,d 

fluoropolyme, conrammg „n„s denvtd W ^ 
30 surfacam being presenr in a concearanon iha 

cH.ica, micelle 'I r aid „ u „ rop o,yn,er * a 

^orop^Inr from said a q usoos dispersion by a process c„n,pr,s,„ E 
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first freezing said dispersion to form frozen dispersion, then thawing said 
frozen dispersion to form thawed frozen dispersion, and then separating 
said resin from liquid of said thawed frozen dispersion. 
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